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Abstract

In this study, in order to confirm the applicability of Hollow Glass Powder(HGP) in 70MPa-class high strength
concrete, the fresh and hardened states were examined according to the amount of HGP, and the results are as follows.
The flow characteristics showed that the slump flow increased slightly as the amount of HGP was increased, and the
T500 was slightly shortened as the amount of HGP was increased, and the rebar passing ability was improved due to
the ball bearing effect of HGP. In particular, it showed the best rebar passing ability at a usage of 1.0kg/m’. The use
of HGP 1.0kg/m' resulted in a 40% reduction in plastic viscosity, but the viscosity increased at 2.0kg/m’. Through
experiments, it was confirmed that HGP was helpful in improving the workability of high-strength concrete, and the
usage of 1.0kg/m’ is considered to be the most appropriate. It was confirmed that HGP does not affect concrete

compressive strength.
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Experimental Study on the Material Properties of High Strength Concrete with Hollow Glass Powder

By Z38|EQ] ZAAS RAIA7]7] s 40MPa Table 1. Experiment factors and tests
FIFEE fitog 8o uBulo]s}l, HGP)S &9l5} ltems unit Variables
o A%4 ABIE Wt 1 A HGPY| 4% F Experment HGP kg’ 0,05, 1, 2
2(0.5~1.0kg/m3) 02 FAZEL] HAo| FAAdlal I Slump flow mm Omin
o] F71He 24 BT 4+ Sl HGPE: At 29l o - o
HAFFolE f8|(Soda-lime-borosilicate glass)= Jring flow mm Omin
wEol IYE, ApFY vl BT ool BY2 0 vl e 0, éomn
_ Plastic viscosity Pa.s Omin
99 Bl w80l G2 (39 B 54 S oY S
3 Rol(Euz, E2at A% Bl Jusle B srengh e e
T Qe ARolT:
oA B ALoAs 70MPag® I e ZIZEE ¢ Table 2. Mix proportions of the concrete
Aro g st HGP A2 EQ] |4 Aeje] 75 EA & Specimen  W/B  Sja __ Unit weightlkg/m’) [P,
224 ENS HEslgon AT sl I, ame 09 09 w8 s o 08 T
HGP7} W% 237 Bopol 489 4 e 712 A= [, 05
= s sk G.10 286 523 160 560 859 810 16
G20 20
AIAZ 2 u8kg
2. ARAE 5 A 2.2 AFEWE
2.1 &E{AE 9.9.1 A
& ATOE U BRI AU S I oy gar A 3 1] 38 2 T84
=1 E=
TOMPad EACET IS HGPA ASEE U = wesg g0k 4, 2 294 42 Tae 34
SRS, 71 AAN Table 13 27, WRHIFE
s S5 NETES 2 g 129 viRest Eolohie ) SA]
Table 29} 2t} A A &4" ASHL 1 ZelH EAL Table 4
ﬂle, 70MPa :J_7_7o}E %ﬂ‘j’]g— BH@“% L‘Iq‘{l\‘ao]: Table 9]_ 7 ]—4_
- E
160ke/m’}F B4 560ke/m S AHESISTE AL8H £
iﬂt 5> 73 } ZERE /‘] Eﬂ' Eéﬂ{l U]EDJE} = Table 3. Physical properties of cement
O]OH}\]"] 3}\:“:]7#]# /\]——Q-O]' T:I‘ HGP7]— —77}5 iﬂEIE . . Compressive
of mAks 9= AP fiste] L ARFE 0, 0.5, 1, Eze?sit)y (Bla/in) Seting tme strength(iP)
~ = Physical (g/em)  (ev/g)  Initial  Final
Okg/m’ WENA F 45F0E ATAYIAL oW, proveres mn  p %3 74 280
HCPS A83H] %2 Plain®] £¥ <YPunIzs 315 4883 223 64 429 519 618
650+50mm, F71%Z 3.5+ 1.5%= At 1A
AREERL Plain HiGoA AAE 2 A ujiglol] sUsH| Table 4. Physical properties of ground granulated blast
Hg3lo] HGP7L 54, Amsa] A, #ewA] 9 ¢ fumace shae
Z27159] ujA]= kS BASIEE 19t Density Blain Activity  Factor(%) Flow ratio
Agoms 24 e 2avE0] A4S B oy mey W
2.91 4014 56 89 110

7] ot EHEEZ, IV Tsoo, J-ring flow, V-lotE
SsHoitt. 12 AR Ao R BHlsH ] fisto]
d&=24 ¢ 5 23RS SEseit 39 2R

Table 5. Physical properties of fly ash

- - Density Blain Activity  Factor(%) Flow ratio
EAoE USAEE A 18AIKE, 7Y, 28YUM S5t (g/om) (er/g) 7day 28day (%)
T2 519tk 2.17 3,667 67 80 100
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2.2.2 27

2 EAe 5 A Aol BitE= 20mm A3
o} ZAZ AJR3on ATA= A% T z|do] B
Eudet 9 Aede] RS A8, 2] Bl
2 EAL Table 63 Zth

Table 6. Physical properties of aggregates

Density(g/c) F.M.  Absorption(%)

Crushed sand 2.59 3.04 1.50
Washed sand 2.60 1.94 1.30
Coarse aggregate 2.74 6.84 0.39
2.2.3 &34
2 A70] AgE T Al Sel b A
J WFsTAE AMEIIATL BT 1.06g/c’oleh. AE

A= B2 108 sjAdslo] ARSI

2.2.4 HGP (Hollow Glass Powder)

Table 72 HGPY =24 E4Z Yehd Ziolil
Figure 12 HGPY] FHIE HeRd Zolth HGP= 2
0.3~0.4%E=2 ZFo]T EF=7} 6,000~ 10, 000cm2/g
Are o9 ojel Ee 1 Je 7S m glo
™ Soda Lime Borosilicate glass®] 7-3/350= o]F
o A 92 A 1 e Fgow Hol gtk 3}
I73=E 100MPa oMo % =31 1oz HHjo]
g 2= A ol =)o) E7| digol =utE ¢
Selag 22 5 cofal Hopl ALgs]T ok

Table 7. Physical properties of hollow glass powder

90% Particle size distribution(um, by volume)
Density Breaking strength ; :
(gce) (MPa) 10th% 50th% 90thos TocHve 0P size

(> :950/0)
0.46 110 10 20 20 20

/4

Figure 1. Hollow Glass Powder(HGP)
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2.3.2 V-lot
V-lot:= KSCE 2003-039] “Ztj7|&
w o] wheh Aot

83 53 A1

233 9224 A¥

24| g2 E37E] g&2A] S BielAH] Rhetribo
£ Argsto] 24519t} Rhetribos 24 %2 Z37EQ]
e /\/‘47‘453 SR 5 d= Aol &
S A 286mmel 8710 24 2 EIEES
300mm OV A & AIE 71719 7R, =0l
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Al FARBE] el 2F 20 82t 0.5rev/se] £ JFA|
71 3 302 B2t SHELE 0.5rev/sOA 0.05rev/s7HA]
TAAA7I ool Esls vlEd BHE 52 5%
ok} & 73] Z7gsh, &7 g A4 Q:HOM Hofx|=

A 71712 SRS ARSI

2.3.4 J-ring flow

Fae|Eo] 42§39 B/l 91510 J-ring test
£ AAeiiTh 24 %2 E39E9 A ¢ AEEe
APgE A I FFE T A Aok HE
ASS YLolA shal Ade FIAPIARE 1R 24
ZES] i AdS A HHE 7L A
o} HGP= 40MPa EAZES tHfoE 3t 71& AH3]

M= ZZESY S B Alaid AFHS 57t

A71= BikE SRISHTE J-ring flowe] 3L Figure
29} o] ASTM C 162191 A3, Ringllell =
T2 BT SYRIT AYPH FYT PHOE Slol
FFe)E0] 20| W& T HIsFoE A2S =45l I
FOE B9l Wk WS SHnST gt ulwsle] 1
Zfo]7} Table 8(332Hd S)oll £dH A o] 25mm

ofe} o] f3t Al FMIE A= AoE WU
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Figure 2. J-ring test

Table 8. Passing ability criteria(ASTM C 1610)

SF-SF, Passing ability rate Notes
{ 25mm 0 No visible blocking
Minimal to
25mm-~30mm 1 noticeable blocking
Noticeable to

7 Sormm 2 extreme blocking
*SF © Slump flow
*SFy  J-ring flow

HGP: EZ%7} 6,000~10,000cm’/g A& HAEH
2719] 75 FERE 7HAL Sl olofl HGPE E32|Ed
AESHA Ed 554 37PF EIT. Figure 32
HGP ARgol T2 £9xZ20] #sls vepd Hojch A
& ARRl7| Aol dideld d2 S-TI2= HGPY
ARgFo] ITFISE A ke AoE Ueidth
HGPE ARESHA] 942 Plaing 3¢ £HZ22 660mm
Qle ¥ HGP 2kg/molis £EIEE7} 40mm 0]
@ 700mm= S7F=Uc}. T4 HGP= 173s E32E
9] AAY(EIAS L o) ol =2o] € A o=
g, Eg 5 SYTEZ 2wt A7 5 F 9o
o] Wol= 8IE A& 4 kS Ao o)

Tsor 1-7-5 AT ES] WS wWdohs 71502 A
Zho| HlESE 22| G2 AHjox] ETEE9 FHAo] *
obAtha weksl 4= QJe}. Figure 49 Zo] HGPO| Al&
o] TTFTE Tsped AR BEEE AL & 4 Qltk
ol&= HGP9| /o] +gol7| wie] 434 wiEgS
SCCell Ak&atAS w412t Zo] ol vz Qls] &
FEQ] Fo] Robxl7| wEQl Ao weHrt,
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Figure 3. Slump flow according to HGP
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Figure 5. J-ring flow according to HGP

HGPQ] & B 7HA Ad5= 76l 2ste] J-ring
flows =70l Figure 5). YA OZ J-ring flow &+
o= 71802 SHIERO] 3l H| W61 J-ring flow
9] Zt Zo7h 25mm ofste]H S 05 H=(ASTM C
1610) BIMd =45t T ER W3t 4= 9ltk Figure 6
< 59 Plain®] 3% SHTEES} J-ring flow2] A7t
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Figure 6. J-ring flow and slump flow according to HGP
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Figure 7. V-lot according to HGP(0, 60min)
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Figure 8. Plastic viscosity according to HGP
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Figure 10. Compressive strength according to HGP
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